Background Hospital readmission is gathering greater attention as a measure of health care quality. The introduction of fast-track surgery has led to shorter lengths of hospitalization without increasing the risk of postoperative complications and readmission. The collection of comprehensive readmission data is essential for the further improvement of patient care. The aim of the present study is to evaluate the risk factors for readmission within 30 days of discharge after gastrectomy. Methods A total of 1929 patients who underwent radical gastrectomy at Shizuoka Cancer Center were included in this study. A risk analysis with a stepwise logistic regression model was conducted to identify the risk factors for 30-day hospital readmission. Results The 30-day readmission rate was 2.70%. Common causes of readmission were an intolerance of oral intake and the presence of an intra-abdominal abscess. The C reactive protein (CRP) level on postoperative day (POD) 3 was significantly higher in the readmitted group; however, the other surgical outcomes, including the incidence of postoperative complications, did not differ to a statistically significant extent. The stepwise logistic regression analysis revealed that CRP on POD3 ≥ 12 mg/dl [odds ratio (OR) 2.08, 95% confidence interval (CI) 1.09-3.95, p = 0.025], laparoscopic surgery (OR 2.25, 95% CI 1.17-4.31, p = 0.015), and TG (OR 2.23, 95% CI 1.17-4.78, p = 0.023) were found to be independent risk factors for readmission. Conclusions CRP on POD3 ≥ 12 mg/dl, laparoscopic surgery, and TG were identified as independent risk factors for readmission.
Introduction
Fast-track surgery that includes optimized pain control, enforced mobilization and an early oral intake, is currently a main stream of perioperative patient care [1] [2] [3] , and the length of hospitalization has been reduced. However, as the length of index hospitalization decreases, there are concerns over the need for proper care to avoid complications and readmission after discharge. Although most studies [4] [5] [6] [7] show that early discharge programs are not associated with an increased readmission rate or an increased incidence of postoperative complications in comparison to conventional care, the post-discharge period represents a period of vulnerability in which the patient has a high risk of readmission and complications. In the United States, approximately 15% of surgical patients in Medicare fee-for-service programs were readmitted within 1 month after the index hospitalization [8] . The readmission rate in patients undergoing colorectal surgery is reported to be 20% [9] , while Acher et al. reported that the readmission rate of patients undergoing gastrectomy was 14.2% [10] .
Readmission significantly increases healthcare costs [11] and can affect the postoperative recovery and quality of life (QOL) of surgical patients. In the United States, Medicare payments for unplanned rehospitalization were estimated to have 1 3 reached approximately $17.4 billion in 2004 and accounted for 17% of the total hospital payments from Medicare. Given the attendant clinical and economic burdens on the healthcare system, the Medicare Hospital Readmission Reduction Program was enacted as a part of the Affordable Care Act of 2010. Since then, much effort has been focused on reducing the rate of surgical readmission. In spite of these efforts, the readmission rate remained constant for 5 years [12] , and achievements seem insufficient. Furthermore, among patients who underwent colorectal surgery, readmitted patients were reported to have a worse prognosis than non-readmitted patients [13] . A large retrospective study investigating hospital readmission after gastrectomy in the USA also reported that readmitted patients showed worse survival [14] .
These facts underscore the importance of reducing the readmission rate. In addition to the appropriate assessment of patients at the time of discharge, perioperative care, patient education and post-discharge follow-up, a better understanding of the risk factors for readmission will be necessary for achieving this goal; however, previous models for predicting readmission have thus far been unsuccessful in reducing the readmission rate. This might be due to the inclusion of different populations and a wide variety of diseases. Defining the risk factors for readmission in specific diseases will provide a better understanding of the drivers of readmission. There have already been several studies on the incidence of and risk factors for readmission after gastrectomy [10, 14, 15] ; however, the data on which these studies are based are very limited. In these studies, the readmission rates ranged from 2.2 to 14.6%, and a wide variety of risk factors for readmission were reported. Since the results of these retrospective studies are divergent, we performed this study with the aim of evaluating the risk factors for readmission within 30 days of discharge after gastrectomy. Additionally, under the hypothesis that a shorter length of index hospitalization would be associated with an increased readmission rate among patients undergoing gastrectomy, we also performed a subgroup analysis to evaluate the incidence of and risk factors for readmission in patients who were discharged within 14 days after gastrectomy. This is because all previous reports included patients who were hospitalized for a long period during the index hospitalization, and the differences between patients with a short hospitalization period and those with relatively longer hospitalization have not been investigated in detail.
Methods

Patients
We conducted a retrospective review of the medical records of the patients undergoing elective radical gastrectomy for gastric cancer with curative intent at SCC between January 2010 and December 2016. Patients with gastric remnant cancer, synchronous multiple cancer or patients undergoing robotic surgery were excluded from the study.
A broad panel of clinicopathologic factors that might influence the risk of readmission were examined. The demographic and clinical characteristics that were evaluated included age, sex, preoperative body mass index (BMI), ECOG performance status (PS), pre-existing comorbidities, clinical TNM stage [according to the 7th edition of the American Joint Committee on Cancer Tumor-NodeMetastasis (TNM) classification] and the administration of neoadjuvant chemotherapy. The surgical details, including the procedure (e.g., total gastrectomy), approach (e.g., laparoscopic surgery), extent of lymphadenectomy, concomitant organ resection (e.g., splenectomy), estimated volume of blood loss, postoperative complications (Clavien-Dindo grade ≥ II), and the total calorie intake at discharge (routinely assessed by registered dietitians) were also examined.
Clinical pathway
All patients were routinely managed with the following standardized perioperative clinical pathway. The patients did not receive preoperative mechanical preparation. The choice of procedure was decided according to the tumor location. The extent of lymphadenectomy was decided according the Japanese gastric cancer treatment guidelines 2014 [16] . One or two closed suction drains were placed intraoperatively, and they are extracted on POD 2 or POD3 according to the amylase value of the drained fluid, which was examined on POD1. Patients started taking sips of water on POD2 and a liquid diet on POD3 (the diet gradually progresses from liquid to solid food over 3 days). The decision regarding when to discharge the patient was made based on the results of blood tests performed on POD6. In principle, the patients who were treated according to our clinical pathway were to be discharged between POD8 and POD10; however, this date could be advanced or postponed according to the patient's request.
Outcome measurement
Readmission was defined as admission as an inpatient within 30 days of discharge from the index hospitalization for radical gastrectomy. The period of 30 days was selected because it has long been considered the standard time interval for similar studies; thus, it allows for the comparison of the outcomes of the present study with those of previous studies. We also investigated the reason for readmission, interval from the discharge to readmission, severity of complications in readmission (distinct from complications during the index hospitalization), administered treatments, and the length of the hospital stay on readmission. Although there might have been multiple reasons for readmission, the most significant problem was recorded as the reason for readmission.
We also evaluated a subgroup of patients who were discharged within 14 days after surgery, with the aim of identifying risk factors for readmission in patients who were discharged without serious problems. The reason why we have decided to use POD14 as the cut-off point was that 97.5% of the patients who did not suffer Grade ≥ II postoperative complications were discharged within 14 days after surgery; thus, this seemed to be a reasonable length of hospital stay for patients without severe complications.
Statistical analysis
Descriptive statistics are expressed as the mean ± standard deviation (SD) for continuous variables, median ± range for discrete variables and percentage for categorical variables. Comparisons between the study groups were conducted using Student's t test or Welch's t test for continuous variables, the Mann-Whitney U test for discrete variables, and Fisher's exact test for categorical variables.
A risk analysis with a logistic regression model was conducted to identify the risk factors for 30-day hospital readmission. A backward stepwise elimination procedure was applied, with a criterion of p ≤ 0.10 to remain in the final model. Potential predictive factors were selected based on previous studies or identified based on the results of the univariate analyses; a chi-squared test was performed to compare dichotomous variables. P values of < 0.05 were considered to indicate statistical significance. An exploratory analysis was also performed to determine the risk factors for readmission in a subgroup of patients who were discharged within 14 days after surgery. All of the statistical analyses were performed using the JMP ® 13 software program (SAS Institute Inc., Cary, NC, USA).
Results
We retrospectively reviewed the medical records of 2270 patients who underwent elective gastrectomy with curative intent. Patients who were diagnosed with gastric remnant cancer (n = 50), synchronous multiple cancer (n = 64), or patients undergoing robotic surgery (n = 227) were excluded from this study. A total of 1929 patients were enrolled in the final analysis.
The 30-day readmission rate was 2.70% (n = 52). Table 1 shows the type and severity of the complications at readmission. The leading causes of readmission were an intolerance of oral intake and the presence of an intra-abdominal abscess. One patient required intensive care, and four patients underwent a reoperation. The median interval from index hospitalization to readmission was 9 days [interquartile range (IQR) [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] , and the median length of hospitalization on readmission was 14 days (IQR 10-24). The type and the severity of the complications at readmission, according to the surgical approach, are summarized in Supplemental  Table 1 .
The patients' demographic and basic characteristics are shown in Table 2 . The BMI (kg/m 2 ) values of the readmitted group were significantly higher (Fig. 1) . Among the various pre-existing comorbidities, the incidence of cardiovascular disease was significantly higher in the readmitted group. There were no significant differences between the groups with regard to age gender, ECOG PS, clinical TNM stage, or the administration of neoadjuvant chemotherapy. The surgical outcomes are shown in Table 3 . The CRP value on POD3 was significantly higher in the readmitted group ( Supplemental Fig. 1) ; however, the other surgical outcomes, including the procedure, approach, extent of lymphadenectomy, and incidence of postoperative complications did not differ to a statistically significant extent. Additionally, when we specifically compared the perioperative CRP values between the two leading causes of readmission (intolerance of oral intake and intra-abdominal abscess) using a repeated measures analysis of variance, the CRP levels of patients who were readmitted due to intra-abdominal abscess were significantly higher (p = 0.039). (Supplemental Fig. 2 and Supplemental Table 2 ).
The results of the univariate analysis are shown in Table 4 . The BMI value of 25 kg/m 2 was set as the cut-off point based on the WHO cut-off point for overweight. The cut-off value of CRP on POD3 was determined based on the mean value. The stepwise logistic regression analysis revealed that CRP on POD3 ≥ 12 mg/dl, laparoscopic surgery, and TG were independent risk factors for readmission (Table 5 ). The area under the receiver operating characteristic curve (AUC) of this model was 0.705 (sensitivity, 0.59; specificity, 0.77).
The results of the subgroup analysis of patients who were discharged within 14 days after surgery are shown in Supplemental Table 3 . A multivariate analysis of the predictors of readmission demonstrated that CRP on POD3 ≥ 12 mg/dl, more than three pre-existing comorbidities, TG and laparoscopic surgery were independent risk factors for readmission. (AUC, 0.710; sensitivity, 0.78; specificity, 0.60). 
Discussion
In the present study, we identified three independent risk factors for readmission. TG was identified as a risk factor in previous reports [10, 12, 17] . Approximately half of the 20 patients who were readmitted after TG were readmitted due to the intolerance of oral intake. Reduced food intake after TG remains a major problem that is yet to be solved. The impaired oral intake after surgery may be attributed to the lack of a food reservoir [18, 19] or decreased ghrelin (a hormone that stimulates appetite [20] ) levels. In our facility, registered dieticians routinely provide each patient with nutrition counselling before and after surgery, along with an assessment of the total calorie intake at discharge.
Although insufficient calorie intake (< 500 kcal/day) at discharge was not a risk factor for readmission, it may be noteworthy because three of four patients undergoing TG with an insufficient calorie intake were readmitted due to the intolerance of oral intake. A multi-center prospective study reported that postoperative nutritional support and counselling reduced the rate of readmission [21] . Furthermore, a systematic review and meta-analysis revealed that the administration of oral nutritional supplements during admission and/or after discharge significantly reduced the rate of hospital readmission, particularly in older patient groups [22] . Although these studies have targeted different populations from ours (e.g., patients with any diagnosis, at risk for malnutrition at admission), patients undergoing gastrectomy are also at risk for malnutrition. Thus, the development of a standard protocol for postoperative nutritional management might be valuable. We also identified a CRP value of ≥ 12 mg/dl on POD3 as a risk factor for readmission. CRP has been reported to be a reliable systemic inflammatory marker for postoperative complications after gastrectomy [23, 24] . CRP is activated by monocyte-derived IL-6, which is a dominant inflammatory cytokine in the postoperative period. IL-6 not only plays an important role in the acute inflammatory phase, it also suppresses the immune system by several mechanisms. Local immune responses to surgery lead to systemic proinflammatory and immunosuppressive phases that are proportionate in magnitude [25] . The initial inflammatory cytokine spike is presumably high in patients with high CRP levels, and is followed by a proportionately high degree of immunosuppression. This mechanism may contribute to the occurrence of complications after discharge. Another important finding of this study was that laparoscopic surgery was an independent risk factor for readmission. Many clinical studies [26] [27] [28] [29] [30] have focused on the comparison of the short-term and long-term outcomes of conventional open surgery and laparoscopic surgery. A retrospective cohort study [30] based on a nationwide registry database in Japan, revealed that the readmission rate of patients undergoing laparoscopic TG for stage I gastric cancer was higher than that of patients undergoing open TG. Late-onset pancreatic fistula may explain this result. In a nationwide cohort study in Japan, the incidence of pancreatic fistula was higher among patients undergoing laparoscopic DG than among those undergoing open DG [31] . During supra-pancreatic lymph node dissection in laparoscopic surgery, the first assistant compresses pancreas dorsally, which can cause the leakage of pancreatic juice. Additionally, cavitation and heat generated from an ultrasonically activated device can injure the pancreatic tissue. This thermal injury may be overlooked because the injury is usually minor and undetectable during the operation; however, it gradually becomes evident several days after surgery.
A large retrospective cohort study showed that nearly 42% of postoperative complications developed within 30 days after hospital discharge, which more than tripled the risk of reoperation and mortality in surgical patients [32] . Other clinical studies [10, [33] [34] [35] have reported that the development of complications during the index hospitalization was a risk factor for readmission. Thus, postoperative complications have been indicated as a driver of readmission. On the contrary, the present study and other previous studies have shown that the risk of readmission was not increased in patients who experienced in-hospital complications [17, 36] . Thus, whether the development of postoperative complications is an independent risk factor for readmission remains controversial.
There are conflicting data on the relationship between the length of hospital stay and the risk of readmission following gastrectomy. In a nationwide cohort study that investigated patients undergoing colorectal surgery, an increased length of stay increased the risk of readmission; this was thought to result from postoperative complications [13] . On the contrary, in a retrospective study the examining readmission rate following esophagectomy [37] , a decreased length of stay was associated with a higher risk of readmission. In the subgroup of patients who were discharged within 14 days after surgery, the admission rate was 2.59% and discharge within 14 days was not associated with the increased risk of admission in the overall population. This implies that even if patients suffer postoperative complications, 2 weeks may be sufficient for the postoperative observation and evaluation of the patients, and for the treatment of complications.
The present study is associated with several potential limitations. First, the present study was retrospective in nature. Second, these data were collected from a single high-volume centre with a specialized gastric cancer division. Thus, the readmission rate observed in the present study is unlikely to be generalized. Furthermore, the incidence of, and reasons for readmission may vary between hospitals according to the volume of surgery and surgical practices. Third, the timing of discharge and the decision to readmit the patient was based on a subjective decision by the doctors and the preference of the patient, as no definite criteria for discharge and readmission have been set. Thus, a multicentre prospective cohort study that overcomes these limitations should be conducted in the future.
Conclusion
This study investigated readmission within 30 days after the index hospital discharge in a large group of patients undergoing gastrectomy. We identified three independent risk factors for readmission. The current risk analysis model showed sufficient accuracy in the prediction of readmission after gastrectomy. Patients with risk factors for readmission require careful perioperative management to prevent readmission.
